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Description of Abnormal Breathing Is Associated With Improved
Outcomes and Delayed Telephone Cardiopulmonary Resuscitation
Instructions
Hidetada Fukushima, MD; Micah Panczyk, MS; Chengcheng Hu, PhD; Christian Dameff, MD; Vatsal Chikani, MPH;
Tyler Vadeboncoeur, MD; Daniel W. Spaite, MD; Bentley J. Bobrow, MD
Background-—Emergency 9-1-1 callers use a wide range of terms to describe abnormal breathing in persons with out-of-hospital
cardiac arrest (OHCA). These breathing descriptors can obstruct the telephone cardiopulmonary resuscitation (CPR) process.
Methods and Results-—We conducted an observational study of emergency call audio recordings linked to confirmed OHCAs in a
statewide Utstein-style database. Breathing descriptors fell into 1 of 8 groups (eg, gasping, snoring). We divided the study
population into groups with and without descriptors for abnormal breathing to investigate the impact of these descriptors on
patient outcomes and telephone CPR process. Callers used descriptors in 459 of 2411 cases (19.0%) between October 1, 2010,
and December 31, 2014. Survival outcome was better when the caller used a breathing descriptor (19.6% versus 8.8%, P<0.0001),
with an odds ratio of 1.63 (95% confidence interval, 1.17–2.25). After exclusions, 379 of 459 cases were eligible for process
analysis. When callers described abnormal breathing, the rates of telecommunicator OHCA recognition, CPR instruction, and
telephone CPR were lower than when callers did not use a breathing descriptor (79.7% versus 93.0%, P<0.0001; 65.4% versus
72.5%, P=0.0078; and 60.2% versus 66.9%, P=0.0123, respectively). The time interval between call receipt and OHCA recognition
was longer when the caller used a breathing descriptor (118.5 versus 73.5 seconds, P<0.0001).
Conclusions-—Descriptors of abnormal breathing are associated with improved outcomes but also with delays in the identification
of OHCA. Familiarizing telecommunicators with these descriptors may improve the telephone CPR process including OHCA
recognition for patients with increased probability of survival. ( J Am Heart Assoc. 2017;6:e005058. DOI: 10.1161/JAHA.116.
005058.)
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O ut-of-hospital cardiac arrest (OHCA) is an enormoushealthcare problem in industrialized countries.1–3 More
than 90% of OHCA patients die before reaching the hospital,1
and survival rates remain disappointing even after hospital
arrival.4–6 Bystander cardiopulmonary resuscitation (BCPR)
can more than double the chance of patient survival,7 but
BCPR rates remain between 30% and 40%3,4 in most
communities. Emergency medical telecommunicators play a
key role in the period before arrival of emergency medical
services.8,9 Telephone CPR (TCPR), in which telecommunica-
tors guide callers in performing CPR, can double the
frequency of BCPR,10 and recent guidelines emphasize the
importance of TCPR for increasing rates and timeliness of
BCPR.11 Many factors, however, can obstruct recognition
of OHCA. A prime factor that can prevent or delay recognition
of cardiac arrest is abnormal breathing, which presents
frequently in the early stages of OHCA.12–17 Callers use
various terms to describe this abnormal breathing.13,17,18
These descriptors can confuse telecommunicators and pre-
vent OHCA recognition.17,19,20 In this population-based study,
we evaluated patient outcomes when the caller used or did
not use a breathing descriptor and audited OHCA audio
recordings to identify the impact of caller descriptors of
abnormal breathing on TCPR process measures.
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ORIGINAL RESEARCH
Methods
Study Design and Population
We conducted an observational study of audio recordings
from emergency 9-1-1 calls linked to confirmed OHCAs in an
Utstein-style database between October 1, 2010, and
December 31, 2014. The calls were received at 8 regional
dispatch centers participating in the Save Hearts in Arizona
Registry and Education (SHARE) program, a collaboration of
the Arizona Department of Health Services, the University of
Arizona, and fire departments, police departments, and
hospitals statewide. This program and its results have been
reported previously.21–26 Because OHCA has been designated
a major public health problem in Arizona and the objective of
SHARE is to improve resuscitation quality and patient
outcomes, the data collected were exempt from the Health
Insurance Portability and Accountability Act requirements.
The Arizona Department of Health Services’ human subjects
review board and the University of Arizona institutional review
board approved publication of deidentified data.
The study population consisted of OHCAs of nontraumatic
origin that were treated but not witnessed by emergency 9-1-1
responders. Audio recordings linked to these events were
reviewed by program personnel according to a standardized
process described previously.27 The terms callers used to
describe abnormal breathing were recorded in a structured
database. We excluded cardiac arrests (1) if they occurred in
nursing homes, doctor’s offices, jails, or unknown locations, to
focus on how non–healthcare professionals would describe
abnormal breathing; (2) if CPR was not indicated in the
recording, because SHARE personnel could not confirm that
the patient was not conscious and not breathing or not
breathing normally; (3) if a language barrier obstructed the
dispatch process; or (4) if the caller was not with the patient.
For the TCPR process analysis, we excluded calls in which (1)
bystander CPR was started before telecommunicator instruc-
tions and (2) the audio was incomplete or fragmented.
The TCPR protocol in the dispatch centers specifies (1)
compression-only CPR for adult arrests of presumed cardiac
origin and (2) chest compression with rescue breathing for
other causes of arrest. Emergency telecommunicators are
expected to provide CPR instructions if the patient was reported
as not conscious and not breathing normally. Roughly 80% of
the audios investigated were from dispatch centers inMaricopa
County that drafted their own protocols. The remainder were
from dispatch centers outside Maricopa County using various
versions of Medical Priority Dispatch or Association of Public
Safety Communications Officials systems.
Measurements and Analysis
We divided the study population into 2 groups. The first group
had at least 1 caller descriptor of abnormal breathing
(Description YES group). The second group had no caller
descriptors of abnormal breathing; the caller simply said the
patient was “not breathing” or answered “no” when the
telecommunicator asked if the patient was breathing normally
(Description NO group). We investigated basic event charac-
teristics such as patient age, sex, event location, witness
status, BCPR status, shockable rhythm status, whether the
patient had sustained return of spontaneous circulation,
whether the patient survived, and whether the patient
survived with good functional neurological outcome.
We considered TCPR to be provided if telecommunicators
started CPR instructions that resulted in the start of bystander
compressions. To determine whether caller descriptors
effected TCPR process measures, we compared findings
across 6 metrics between the 2 groups: (1) percentage of
calls in which the telecommunicator recognized the need for
TCPR, (2) percentage of calls in which the telecommunicator
started TCPR instructions, (3) percentage of calls in which
bystanders started TCPR, (4) time interval from call receipt
until the telecommunicator recognized the need for TCPR, (5)
interval from call receipt until the start of TCPR instructions,
and (6) interval from call receipt until the bystander performed
the first chest compression.
Statistical Analysis
Continuous variables were summarized by median and range
and were compared between the 2 groups of patients using
the Wilcoxon rank sum test. Categorical variables were
summarized by frequency and proportion with 95% Clopper–
Pearson confidence intervals (CIs) and were compared
between the 2 groups by either v2 or Fisher exact test. The
Clinical Perspective
What Is New?
• Our study found that abnormal breathing descriptions by
emergency 9-1-1 callers are independently associated with
delays in telephone cardiopulmonary resuscitation provision
of up to 45 seconds, but these out-of-hospital cardiac arrest
patients were more likely to survive with favorable func-
tional outcome.
What Are the Clinical Implications?
• Our study emphasizes that early telecommunicator identi-
fication of abnormal breathing descriptions could help
improve outcomes among persons experiencing out-of-
hospital cardiac arrest.
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association between survival and description of abnormal
breathing was also examined by logistic regression, adjusting
for important risk adjusters and potential confounders
including sex, age, location of arrest, presumed etiology of
arrest, bystander-witnessed arrest, bystander CPR, shockable
initial rhythm, and whether the patient was transported to a
cardiac receiving center. The effect of the continuous variable
age was fitted nonparametrically using penalized thin plate
regression splines through the generalized additive model.28
The backward elimination process was conducted to remove
covariates from the model with a P value threshold of 0.05
while always keeping sex and age in the model. The process
was then repeated to study the association between favorable
functional outcome and description of abnormal breathing. In
the process analysis, the proportions of calls with telecom-
municator recognition of the need for TCPR, with TCPR
instructions given or with TCPR started, were compared
between the 2 groups of patients. To compare time to
telecommunicator recognition of the need for TCPR, to start
of TCPR instructions, and to first compression, the generalized
log-rank test29 was used to compare interval- and right-
censored data. The software environment R30 and the R
packages interval31 and Icens32 were used for the time-to-
event analysis. All tests were 2-sided with a=0.05. No
adjustment for multiple testing was made.
Results
We reviewed 4298 audio recordings linked to OHCAs of
nontraumatic origin that were treated but not witnessed by
EMS. Among these, we excluded cases (1) at medical
facilities, jails, or unknown locations (n=841); (2) in which
CPR was not indicated (n=688); (3) with language barriers
(n=57); and (4) in which callers were not with the patient
(n=61). Overall, 2411 were eligible for the outcomes analysis
(Description YES group, 459; Description NO group, 1952)
and 1841 were eligible for the TCPR process analysis
(Description YES group, 379; Description NO group, 1462;
Figure 1. Overview of the study population. CPR indicates cardiopulmonary resuscitation; EMS, emergency medical services; OHCA,
out-of-hospital cardiac arrest.
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Female 841 (34.9) 143 (31.2) 698 (35.8) 0.0707
Male 1570 (65.1) 316 (68.8) 1254 (64.2)
Age, y 62 (0–101) 63.5 (0–97) 61 (0–101) 0.2972
Location of OHCA
Residential 2136 (88.6) 393 (85.6) 1743 (89.3) 0.0319
Public 275 (11.4) 66 (14.4) 209 (10.7)
Witnessed
No 1642 (68.1) 233 (50.8) 1409 (72.2) <0.0001
Yes 769 (31.9) 226 (49.2) 543 (27.8)
Etiology
Cardiac 2298 (95.3) 440 (95.9) 1858 (95.2) 0.0962
Drowning 28 (1.2) 1 (0.2) 27 (1.4)
Drug/alcohol overdose 47 (1.9) 12 (2.6) 35 (1.8)
Other noncardiac respiratory 3 (0.1) 1 (0.2) 2 (0.1)
Respiratory 35 (1.5) 5 (1.1) 30 (1.5)
Bystander CPR
No 1068 (44.3) 226 (49.2) 842 (43.1) 0.0216
Yes 1330 (55.2) 231 (50.3) 1099 (56.3)
Unknown 13 (0.5) 2 (0.4) 11 (0.6)
Shockable initial rhythm
No 1825 (75.7) 259 (56.4) 1566 (80.2) <0.0001
Yes 566 (23.5) 193 (42) 373 (19.1)
Unknown 20 (0.8) 7 (1.5) 13 (0.7)
Intubated
No 859 (35.6) 172 (37.5) 687 (35.2) 0.4252
Yes 1416 (58.7) 263 (57.3) 1153 (59.1)
Unknown 136 (5.6) 24 (5.2) 112 (5.7)
Sustained ROSC
No 1898 (78.7) 316 (68.8) 1582 (81) <0.0001
Yes 422 (17.5) 126 (27.5) 296 (15.2)
Unknown 91 (3.8) 17 (3.7) 74 (3.8)
Transported to CRC
No 1009 (41.8) 154 (33.6) 855 (43.8) 0.0001
Yes 1401 (58.1) 305 (66.4) 1096 (56.1)
Unknown 1 (0) 0 (0) 1 (0.1)
Survival at discharge
No 2085 (86.5) 353 (76.9) 1732 (88.7) <0.0001
Yes 262 (10.9) 90 (19.6) 172 (8.8)
Unknown 64 (2.7) 16 (3.5) 48 (2.5)
Continued
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Figure 1). A summary of OHCA characteristics along with
clinical outcomes in the 2 groups is shown in Table 1. The
proportions of men in each group were not significantly
different in the Description YES and NO groups (68.8% versus
64.2%, respectively; P=0.071). The 2 groups had similar age
profiles, with a median of 62 years and range from 0 to 101
years in the combined sample. Patients in the YES group were
more likely to be in a public location (14.4% versus 10.7%,
P=0.032) and to have a witnessed arrest (49.2% versus 27.8%,
P<0.0001) but were less likely to receive BCPR (50.3% versus
56.3%, P=0.022). Patients in the YES group were more likely
to have a shockable initial rhythm (42% versus 19.1%,
P<0.0001); to achieve sustained return of spontaneous
circulation (27.5% versus 15.2%, P<0.0001); to be transported
to a cardiac receiving center26 that could provide therapeutic
hypothermia, prompt percutaneous coronary interventions,
and other guideline-based postarrest critical care (66.4%
versus 56.1%, P=0.0001); to survive to discharge (19.6%
versus 8.8%, P<0.0001); and to have favorable functional
outcomes (14.8% versus 5.6%, P<0.0001). The logistic
regression model analysis showed that the unadjusted odds
ratio for description of abnormal breathing was 2.59 (95% CI,
1.95–3.46; P<0.0001) for the survival outcome and 3.06 (95%
CI, 2.19–4.28; P<0.0001) for the favorable functional out-
come (data are not shown). The adjusted odds ratio for
description of abnormal breathing was 1.63 (95% CI, 1.17–
2.25; P=0.003) for the survival outcome and 1.68 (95% CI,
1.15–2.46; P=0.008) for the favorable neurological outcome
(Table. 2).
Figure 2 shows the frequencies of the 8 most common
descriptors of abnormal breathing. The 3 categories with








Low 177 (7.3) 68 (14.8) 109 (5.6) <0.0001
High 2149 (89.1) 370 (80.6) 1779 (91.1)
Unknown 85 (3.5) 21 (4.6) 64 (3.3)
Median (minimum–maximum) for continuous variables and count (percentage) for categorical variables. All above information was from the emergency medical services database recorded
in Utstein style. CPC indicates cerebral performance category; CPR, cardiopulmonary resuscitation; CRC, cardiac receiving center; OHCA, out-of-hospital cardiac arrest; ROSC, return of
spontaneous circulation.
†Fisher exact test or v2 test for categorical variables and Wilcoxon rank sum test for continuous variables; the unknown category, if present, is excluded from the testing procedure.
Table 2. Fitted Logistic Regression Models for Survival and Favorable Functional Outcome
Variable Levels
Survival Favorable Functional Outcome
OR (95% CI) P Value OR (95% CI) P Value
Description of abnormal breathing No 1 (Reference) 0.003 1 (Reference) 0.008
Yes 1.63 (1.17–2.25) 1.68 (1.15–2.46)
Sex Female 1 (Reference) 0.467 1 (Reference) 0.781
Male 0.89 (0.65–1.22) 1.06 (0.70–1.60)
Age Nonparametric <0.0001 Nonparametric 0.029
Location of arrest Residential Not included in the model 1 (Reference) 0.027
Public 1.63 (1.06, 2.52)
Bystander-witnessed arrest No 1 (Reference) <0.0001 1 (Reference) 0.0001
Yes 2.74 (2.01–3.72) 2.19 (1.50–3.21)
Bystander CPR performed No 1 (Reference) 0.005 1 (Reference) 0.049
Yes 1.57 (1.15–2.14) 1.48 (1.00–2.19)
Shockable initial rhythm No 1 (Reference) <0.0001 1 (Reference) <0.0001
Yes 5.92 (4.32–8.12) 9.59 (6.33–14.53)
CI indicates confidence interval; CPR, cardiopulmonary resuscitation; OR, odds ratio.
DOI: 10.1161/JAHA.116.005058 Journal of the American Heart Association 5















“snoring” or “snorting” (20.7%; 95% CI, 17.1–24.7) and
“gurgling” (17%; 95% CI, 13.7–20.7). These were followed by
“moaning” or “groaning,” “labored,” “heavy,” and “noisy,”
each of which occurred in frequency <10%.
Results of the process analysis are shown in Tables 3 and
4. Table 3 summarizes the proportion of cases with each of 3
process events: (1) The telecommunicator recognized the
OHCA, (2) CPR instructions were started, and (3) bystander
chest compressions were started. The rate of OHCA recog-
nition was lower in the YES group (79.7% versus 93.0%,
P<0.0001), as were the rates of CPR instructions started and
chest compressions started (65.4% versus 72.5% [P=0.0078]
and 60.2% versus 66.9% [P=0.0123], respectively). The time
between call receipt and OHCA recognition was longer in the
YES group (118.5 versus 73.5 seconds, P<0.0001), as were
the times to start of CPR instructions (203.5 versus 155.5
seconds, P<0.0001) and to start of chest compressions (242
versus 197.5 seconds, P<0.0005). A sensitivity analysis
excluding cases in which callers could not get patients into
position for CPR, had difficult access to patients, were in a
dangerous environment, were severely distressed, refused
CPR instructions, hung up or left the phone, were physically
unable to do CPR, or thought the patient was dead
demonstrated significant intergroup differences across all
process measures and thus was consistent with the main
process analysis (Tables S1 and S2).
Discussion
The Description YES group comprised 19% of eligible calls.
Callers used various terms to describe abnormal breathing.
The terms “gasping,” “snoring,” or “snorting,” and “gurgling”
accounted for roughly 70% of cases with descriptions.
Consistent with previous studies’ findings of improved
survival among patients with agonal breathing, we found
that patients for whom abnormal breathing was described
had a higher chance of survival13,15 than patients for whom it
was not described. They also had a higher chance of
favorable functional outcome. The rate of OHCA recognition
was lower in the YES group and may in part explain the
reduced proportion of cases in which CPR instructions and
bystander compressions were started in this group. In
addition, the time to OHCA recognition was 45 seconds
longer in the YES group (118.5 versus 73.5 seconds,
P<0.0001). This may in part explain the longer time to start
of compressions in this group.
Figure 2. The variations and frequencies of emergency 9-1-1 callers’ descriptions of abnormal breathing.
Error bars indicate 95% confidence intervals. Because some callers described abnormal breathing with ≥2
terms, the total numbers of frequencies were 498. Others group was composed of minor descriptors:
wheezing, gagging, grunting, death rattle, deep, shallow, faintly, little, sporadically, slowly, or barely breathing.
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These findings are collective evidence that abnormal
breathing descriptions can be a barrier to optimal patient
outcomes. To overcome this barrier, telecommunicators
need to be familiar with the ways in which callers
describe abnormal breathing in OHCA patients. Education
and training that highlight these descriptions could
shorten the time to OHCA identification, increase TCPR
provision, and enhance outcomes for patients with abnor-
mal breathing.
A study that reviewed OHCA dispatch recordings in the
United States showed that “barely breathing” was the
most frequent description, followed by “heavy or labored
breathing” and “problems in breathing.”13 However, this
study evaluated a small number of cases, and 2 other
studies of caller descriptions were non–English-language
reports.17,18
It was reported that these callers’ descriptions for
abnormal breathing can interfere with the TCPR process
because callers tend to perceive abnormal breathing as a sign
of life.17,18 Hauff et al reviewed 404 OHCA audio recordings
and reported that the TCPR process was impeded in 51 cases
in which callers described signs of life such as “breathing.”
Even if telecommunicators identify cardiac arrest when callers
describe abnormal breathing, the whole TCPR process can be
obstructed.22 Our study adds to previous work in quantifying
the time to recognition for cases in which callers described
abnormal breathing. Because the probability for survival
decreases by roughly 7% to 10% every minute BCPR is not
performed,33 the 45-second delay in recognition reported can
be of great consequence in the period before arrival of
emergency medical services.
Although the presence of descriptions appears to obstruct
OHCA recognition, education and training on caller descrip-
tors could turn these obstacles into opportunities to identify
OHCA more quickly and comprehensively. Detailed regional
analyses of callers’ descriptions for abnormal breathing can
be applied to local training and education to enhance the
provision of TCPR across communities. Further studies across
populations can help identify any universal descriptors that
could be linked to survival and favorable functional outcomes
of persons experiencing sudden cardiac arrest.
This study has limitations. First, we excluded 841 cases
occurring in medical facilities, jails, and unknown locations in
an effort to limit our catalog to terms lay rescuers use to
describe abnormal breathing. Ultimately, however, the char-
acteristics of emergency 9-1-1 callers are extremely difficult
to assess, and we cannot rule out the possibility that some
callers had medical backgrounds. Second, descriptions of
abnormal breathing and their impact on telecommunicator
instruction for CPR will vary by language and culture from one
region to another; therefore, the applicability of our results to
other countries and emergency medical services systems is
unknown. Third, other unidentified barriers could also have
affected our TCPR process measurements. Fourth, the
majority of emergency 9-1-1 calls were received at dispatch
centers in Maricopa County that draft their own protocols.
This may limit the degree to which we can generalize of our
findings. Finally, despite using a structured evaluation tech-
nique and data format, evaluating the TCPR process is not an
exact science and requires some level of subjectivity and
interpretation.
Conclusions
In this statewide study, we found that the identification of
cardiac arrest and the start of CPR can be obstructed when
the caller used a breathing descriptor. Caller descriptions of







Telecommunicator knows CPR indicated
No 75 (19.8) 84 (5.7) <0.0001
Yes 302 (79.7) 1359 (93)
Unknown 2 (0.5) 19 (1.3)
CPR instructions started
No 131 (34.6) 401 (27.4) 0.0078
Yes 248 (65.4) 1060 (72.5)
Unknown 0 (0) 1 (0.1)
CPR instructions started and compression started
No 149 (39.3) 471 (32.2) 0.0123
Yes 228 (60.2) 978 (66.9)
Unknown 2 (0.5) 13 (0.9)
Count (percentage) for categorical variables. CPR indicates cardiopulmonary
resuscitation.
†Fisher exact test or v2 test; the unknown category, if present, is excluded from the
testing procedure.








recognition of CPR (s)
118.5 73.5 <0.0001






Estimated median in each group. CPR indicates cardiopulmonary resuscitation.
†Asymptotic logrank 2-sample test (permutation form) based on Sun scores.
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abnormal breathing in OHCA patients are associated with
improved survival and functional outcome. Familiarizing
telecommunicators with the most common descriptors may
enhance cardiac arrest recognition, shorten the time to
starting CPR, and improve patient outcomes.
Disclosures
Drs. Bobrow and Spaite disclose that the University of Arizona
received funding from the Medtronic Foundation through the
HeartRescue Grant to support community-based translation of
resuscitation science.
References
1. Graham R, MaCoy MA, Schultz AM, eds. Committee in the Treatment of
Cardiac Arrest: Current Status and Future Directions, Board on Health Science
Policy, Institute of Medicine. Strategies to Improve Cardiac Arrest Survival: A
Time to Act. Washington, DC: National Academies Press; 2015.
2. Kitamura T, Iwami T, Kawamura T, Nitta M, Nagao K, Nonogi H, Yonemoto N,
Kimura T. Nationwide improvements in survival from out-of-hospital cardiac
arrest in Japan. Circulation. 2012;126:2834–2843.
3. Wissenberg M, Lippert FK, Folke F, Weeke P, Hansen CM, Christensen EF, Jans
H, Hansen PA, Lang-Jensen T, Olesen JB, Lindhardsen J, Fosbol EL, Nielsen SL,
Gislason GH, Kober L, Torp-Pedersen C. Association of national initiatives to
improve cardiac arrest management with rates of bystander intervention and
patient survival after out-of-hospital cardiac arrest. JAMA. 2013;310:1377–
1384.
4. Nichol G, Thomas E, Callaway CW, Hedges J, Powell JL, Aufderheide TP, Rea T,
Lowe R, Brown T, Dreyer J, Davis D, Idris A, Stiell I. Regional variation in out-of-
hospital cardiac arrest incidence and outcome. JAMA. 2008;300:1423–1431.
5. Bougouin W, Lamhaut L, Marijon E, Jost D, Dumas F, Deye N, Beganton F,
Empana JP, Chazelle E, Cariou A, Jouven X. Characteristics and prognosis of
sudden cardiac death in Greater Paris: population-based approach from the
Paris Sudden Death Expertise Center (Paris-SDEC). Intensive Care Med.
2014;40:846–854.
6. Ro YS, Shin SD, Kitamura T, Lee EJ, Kajino K, Song KJ, Nishiyama C, Kong SY,
Sakai T, Nishiuchi T, Hayashi Y, Iwami T; Seoul-Osaka Resuscitation Study G.
Temporal trends in out-of-hospital cardiac arrest survival outcomes between
two metropolitan communities: Seoul-Osaka resuscitation study. BMJ Open.
2015;5:e007626.
7. Sasson C, Rogers MA, Dahl J, Kellermann AL. Predictors of survival from out-
of-hospital cardiac arrest: a systematic review and meta-analysis. Circ
Cardiovasc Qual Outcomes. 2010;3:63–81.
8. Song KJ, Shin SD, Park CB, Kim JY, Kim DK, Kim CH, Ha SY, Eng Hock Ong M,
Bobrow BJ, McNally B. Dispatcher-assisted bystander cardiopulmonary
resuscitation in a metropolitan city: a before-after population-based study.
Resuscitation. 2014;85:34–41.
9. Lerner EB, Rea TD, Bobrow BJ, Acker JE III, Berg RA, Brooks SC, Cone DC, Gay
M, Gent LM, Mears G, Nadkarni VM, O’Connor RE, Potts J, Sayre MR, Swor RA,
Travers AH. Emergency medical service dispatch cardiopulmonary resuscita-
tion prearrival instructions to improve survival from out-of-hospital cardiac
arrest: a scientific statement from the American Heart Association. Circulation.
2012;125:648–655.
10. Rea TD, Eisenberg MS, Becker LJ, Murray JA, Hearne T. Temporal trends in
sudden cardiac arrest: a 25-year emergency medical services perspective.
Circulation. 2003;107:2780–2785.
11. Kronick SL, Kurz MC, Lin S, Edelson DP, Berg RA, Billi JE, Cabanas JG, Cone
DC, Diercks DB, Foster JJ, Meeks RA, Travers AH, Welsford M. Part 4: system
of care and continuous quality improvement: 2015 American Heart Associ-
ation guideline update for cardiopulmonary resuscitation and emergency
cardiovascular care. Circulation. 2015;132:s397–s413.
12. Rea TD. Agonal respirations during cardiac arrest. Curr Opin Crit Care.
2005;11:188–191.
13. Clark JJ, Larsen MP, Culley LL, Graves JR, Eisenberg MS. Incidence of agonal
respirations in sudden cardiac arrest. Ann Emerg Med. 1992;21:1464–1467.
14. Vaillancourt C, Stiell IG, Wells GA. Understanding and improving low bystander
CPR rates: a systematic review of the literature. CJEM. 2008;10:51–65.
15. Bobrow BJ, Zuercher M, Ewy GA, Clark L, Chikani V, Donahue D, Sanders AB,
Hilwig RW, Berg RA, Kern KB. Gasping during cardiac arrest in humans is frequent
and associated with improved survival. Circulation. 2008;118:2550–2554.
16. Breckwoldt J, Schloesser S, Arntz HR. Perceptions of collapse and assessment
of cardiac arrest by bystanders of out-of-hospital cardiac arrest (OOHCA).
Resuscitation. 2009;80:1108–1113.
17. Fukushima H, Imanishi M, Iwami T, Seki T, Kawai Y, Norimoto K, Urisono Y,
Hata M, Nishio K, Saeki K, Kurumatani N, Okuchi K. Abnormal breathing of
sudden cardiac arrest victims described by laypersons and its association with
emergency medical service dispatcher-assisted cardiopulmonary resuscitation
instruction. Emerg Med J. 2015;32:314–317.
18. Bang A, Herlitz J, Martinell S. Interaction between emergency medical
dispatcher and caller in suspected out-of-hospital cardiac arrest calls with
focus on agonal breathing. A review of 100 tape recordings of true cardiac
arrest cases. Resuscitation. 2003;56:25–34.
19. Bohm K, Rosenqvist M, Hollenberg J, Biber B, Engerstrom L, Svensson L.
Dispatcher-assisted telephone-guided cardiopulmonary resuscitation: an
underused lifesaving system. Eur J Emerg Med. 2007;14:256–259.
20. Hauff SR, Rea TD, Culley LL, Kerry F, Becker L, Eisenberg MS. Factors
impeding dispatcher-assisted telephone cardiopulmonary resuscitation. Ann
Emerg Med. 2003;42:731–737.
21. Bobrow BJ, Clark LL, Ewy GA, Chikani V, Sanders AB, Berg RA, Richman PB,
Kern KB. Minimally interrupted cardiac resuscitation by emergency medical
services for out-of-hospital cardiac arrest. JAMA. 2008;299:1158–1165.
22. Bobrow BJ, Vadeboncoeur TF, Clark L, Chikani V. Establishing Arizona’s
statewide cardiac arrest reporting and educational network. Prehosp Emerg
Care. 2008;12:381–387.
23. Bobrow BJ, Spaite DW, Berg RA, Stolz U, Sanders AB, Kern KB, Vadeboncoeur
TF, Clark LL, Gallagher JV, Stapczynski JS, LoVecchio F, Mullins TJ, Humble WO,
Ewy GA. Chest compression-only CPR by lay rescuers and survival from out-of-
hospital cardiac arrest. JAMA. 2010;304:1447–1454.
24. Bobrow BJ, Vadeboncoeur TF, Stolz U, Silver AE, Tobin JM, Crawford SA, Mason
TK, Schirmer J, Smith GA, Spaite DW. The influence of scenario-based training
and real-time audiovisual feedback on out-of-hospital cardiopulmonary resus-
citation quality and survival from out-of-hospital cardiac arrest. Ann Emerg
Med. 2013;62:47e1–56.e1.
25. Vadeboncoeur T, Stolz U, Panchal A, Silver A, Venuti M, Tobin J, Smith G,
Nunez M, Karamooz M, Spaite D, Bobrow B. Chest compression depth and
survival in out-of-hospital cardiac arrest. Resuscitation. 2014;85:182–188.
26. Spaite DW, Bobrow BJ, Stolz U, Berg RA, Sanders AB, Kern KB, Chikani V,
Humble W, Mullins T, Stapczynski JS, Ewy GA; Arizona Cardiac Receiving
Center C. Statewide regionalization of postarrest care for out-of-hospital
cardiac arrest: association with survival and neurologic outcome. Ann Emerg
Med. 2014;64:496–506.e1.
27. Dameff C, Vadeboncoeur T, Tully J, Panczyk M, Dunham A, Murphy R, Stolz U,
Chikani V, Spaite D, Bobrow B. A standardized template for measuring and
reporting telephone pre-arrival cardiopulmonary resuscitation instructions.
Resuscitation. 2014;85:869–873.
28. Wood SN. Generalized Additive Models: An Introduction With R. Boca Raton, FL:
Chapman & Hall/CRC; 2006.
29. Sun J. A non-parametric test for interval-censored failure time data with
application to AIDS studies. Stat Med. 1996;15:1387–1395.
30. RCore Team.R: A Language and Environment for Statistical Computing [Computer
Program]. Vienna, Austria: R Foundation for Statistical Computing; 2015.
31. Fay MP, Shaw PA. Exact and asymptomatic weighted Logrank tests for interval
censored data: the interval R package. J Stat Softw. 2010;36:i02.
32. Gentlemen R, Vandal A. Icens: NPMLE for Censored and Truncated Data
[computer program]. Version R package 1.42.0.
















DOI: 10.1161/JAHA.116.005058 Journal of the American Heart Association 8








Table S1. Analysis of Process Measures: Proportion of Subjects with Certain Events. 796 additional cases 
were excluded from the main analysis because (1) callers couldn’t get patients into position for CPR, (2) had 
difficult access to patients, (3) were in a dangerous environment, (4) were severely distressed, (5) refused CPR 
instructions, (6) hung up or left the phone, (7) were physically unable to do CPR or (8) thought the patient was 




Description  YES# 
(N=253) 




CPR indicated  
No  69 (27.3%) 57 (7.2%) < 0.0001 
Yes  183 (72.3%) 732 (92.4%)  
Unknown  1 (0.4%) 3 (0.4%)  
CPR instructions started  
  
No  84 (33.2%) 114 (14.4%) < 0.0001 
Yes  169 (66.8%) 677 (85.5%)  
Unknown  0 (0%) 1 (0.1%)  
CPR instructions started 
and compression started  
No  84 (34.8%) 138 (17.4%) < 0.0001 
Yes  163 (64.4%) 645 (81.4%)  
Unknown  2 (0.8%) 9 (1.1%)  
 
Count (percentage) for categorical variables. *Fisher’s exact test or Chi-squared test; the unknown 
category, if present, is excluded from the testing procedure. Abbreviations: CPR, cardiopulmonary 
resuscitation. 
 
Table S2. Process Analysis: Time to Events after Excluding Cases With Barriers to TCPR 







Time to telecommunicator’s recognition of 
CPR (s) 
132.5 72.5 < 0.0001 
Time to start of CPR instructions (s) 173 116.5 < 0.0001 
Time to first compression (s) 207 150.5 < 0.0001 
Estimated median in each group. *Asymptotic logrank two-sample test (permutation form) 
based on Sun's scores. Abbreviations: CPR, cardiopulmonary resuscitation. 
